To determine whether acute left ventricular failure associated with myocardial infarction leads to architectural changes in the spared nonischemic portion of the ventricular wall, large infarcts were produced in rats, and the animals were killed 2 days after surgery. Left ventricular end-diastolic pressure was increased, whereas left ventricular dP/dt and systolic pressure were decreased, indicating the presence of severe ventricular dysfunction. Absolute infarct size, determined by measuring the fraction of myocyte nuclei lost from the left ventricular free wall, averaged 63%. Transverse midchamber diameter increased by 20%, and wall thickness diminished by 33%. The mural number of myocytes in this spared region of the left ventricular free wall decreased by 36% and the capillary profiles by 40%o. The combination of these functional abnormalities and structural rearrangement of the wall resulted in a 7.8-fold increase in diastolic wall stress. A comparable analysis of the interventricular septum demonstrated a 24% reduction in the number of cells across the septal thickness, whereas capillaries were diminished by 26%. Moreover, a 7.2-fold elevation in diastolic stress was computed in this region of the ventricle. The augmentation in diastolic stress was associated with a 22% and a 16% myocyte cellular hypertrophy in the wall and septum, respectively. In conclusion, side-to-side slippage of myocytes in the myocardium occurs in association with ventricular dilatation after a large myocardial infarction and contributes to ventricular remodeling and the occurrence of decompensated eccentric hypertrophy. (Circulation Research 1990;67:23-34) H uman1-4 and animal4-7 studies of the effects of myocardial infarction on ventricular architecture have demonstrated that the injured ventricle progressively enlarges with time and that this alteration is paralleled by a corresponding decline in cardiac performance.2'8'9 Moreover, chamber dilatation is not accompanied by a proportional increase in wall thicknessl-9 so that the ratio of wall thickness to chamber radius is not maintained, and decompensated ventricular hypertrophy occurs.10 Thinning of the ventricular wall occurs not only in the necrotic region but also in the zone of surviving myocardium where a number of tissue and cellular
H uman1-4 and animal4-7 studies of the effects of myocardial infarction on ventricular architecture have demonstrated that the injured ventricle progressively enlarges with time and that this alteration is paralleled by a corresponding decline in cardiac performance.2'8'9 Moreover, chamber dilatation is not accompanied by a proportional increase in wall thicknessl-9 so that the ratio of wall thickness to chamber radius is not maintained, and decompensated ventricular hypertrophy occurs. 10 Thinning of the ventricular wall occurs not only in the necrotic region but also in the zone of surviving myocardium where a number of tissue and cellular 24 Circulation Research Vol 67, No 1, July 1990 without altering wall thickness, whereas increases in the lateral dimension of myocytes would have the effect of increasing wall thickness with no change or a decrease in chamber volume.10-'8 In the present study, the early reaction of the left ventricle after an acute segmental loss of myocardium was analyzed morphometrically to determine the tissue, cellular, and vascular adaptations involved in the overall remodeling of the ventricular wall after infarction. The significance of evaluating these quantitative properties of the surviving tissue in association with the hemodynamic state of the infarcted ventricle lies in the estimation of the relation between abnormal loading and the magnitude and nature of the myocardial response to ischemic injury.
Materials and Methods Animals
Twenty male Sprague-Dawley rats weighing 275 ±27 g were used for the surgical induction of myocardial infarction. Under ether anesthesia by means of a procedure previously described," the thorax was opened and the heart was exteriorized by applying a light pressure on the thorax. The left coronary artery was ligated near its origin, the chest was closed, and the animals were allowed to recover. Eight rats died shortly after the operation, mostly because of pulmonary edema. The remaining 12 animals were killed 48 hours later. Nine shamoperated rats similarly treated, with the exception that the ligature was not tied, served as controls.
Physiological Measurements
Just before death, animals were anesthetized with chloral hydrate (300 mg/kg i.p.), and the right carotid artery was cannulated with a microtip pressure transducer catheter (PR 249, Millar Instruments, Houston) connected to an electrostatic chart recorder (ES 1000B, Gould, Cleveland). After arterial blood pressure was monitored, measurements were made of systolic and diastolic ventricular pressures and dP/dt in the closed-chest preparation.
Fixation Procedure
At the completion of the hemodynamic measurements, the abdominal aorta was cannulated with a polyethylene catheter (PE-200), filled with phosphate buffer (0.2 M, pH 7.4) and heparin (100 IU/ml). In rapid succession, the heart was arrested in diastole by an intravenous injection of approximately 1 ml KCl (1 meq/ml), the thorax opened, perfusion with phosphate buffer started, and the right atrium cut to allow the drainage of blood and perfusate.
Perfusion pressure was adjusted to diastolic arterial pressure measured in vivo. Simultaneously, the left ventricular chamber was filled with fixative from a pressure reservoir set at a height equivalent to approximately 0-5 mm Hg throughout the fixation procedure. This was accomplished by inserting a PE-50 catheter into the left ventricle through the atrial appendage and across the mitral valve and ligating the perforated appendage around the catheter. The PE-50 catheter was connected to the pressure reservoir. After perfusion with buffer for 3 minutes, the coronary vasculature was perfused for 15 minutes with a glutaraldehyde and paraformaldehyde mixture diluted 1:1 with phosphate buffer. '9 The fixative solution contained 2% paraformaldehyde and 2.5% glutaraldehyde and had a total osmolarity of 750 mosm.19 Subsequently, the heart was excised, and the weights of the left ventricle, including the septum, and the right ventricle were recorded. The volume of left ventricular myocardium was then determined by dividing its weight by the specific gravity of muscle tissue, 1.06 g/ml. 20 Although differences in left ventricular enddiastolic pressure were found between control and infarcted animals (see "Results"), all hearts were fixed at a constant intracavitary pressure. This was done in order to assess alterations in chamber size, wall thickness, myocyte length and diameter, and number of myocytes across the ventricular wall that were directly related to infarct size independently from variations in filling pressure at the time of fixation. By this approach, a uniform reference point was obtained for comparisons of anatomical parameters between infarcted and noninfarcted ventricles. Chamber Size and Wall Thickness
In infarcted and control animals, two adjacent sections midway between the base and the apex, perpendicular to the longitudinal axis of the ventricle, were obtained to measure chamber luminal diameter and the thickness of the free wall of the left ventricle and interventricular septum. Five equally spaced measurements of the left ventricular free wall and septum were collected from each slice, and their values were averaged. These determinations were done with a dissecting microscope with an ocular micrometer accurate to 0.03 mm.
Two days after coronary occlusion, the infarcted myocardium is grossly visible so that wall thickness estimations were performed in the nonnecrotic portion of the free wall of the left ventricle, avoiding the region immediately bordering on the infarct as previously described.2' In the control group, comparable sites of the free wall were sampled for analysis. Infarcts were all found to be transmural and involving a large fraction of the wall so that wall thickness values of the left ventricular free wall were obtained from the remaining viable tissue on both sides of the interventricular septum. Because the interventricular septum was consistently spared, this region was evaluated in its entirety. For the measurement of chamber size, the minimal and maximal diameters of the ventricular chamber were determined, and their geometric mean was computed.
Tissue Sampling
In all animals, the whole left ventricle was serially sliced into 2-mm-thick rings perpendicular to the axis Olivetti et al Wall Remodeling After Infarction 25 of the heart from the apex to the base. All but the two midsections of the individually numbered slices of the left ventricle were flat embedded in glycol methacrylate. The middle slices were cut radially to obtain approximately fifteen 1-mm-thick tissue blocks each from the viable myocardium of the free wall of the left ventricle and interventricular septum for electron microscopy. In the sham-operated group, the midzone of the left ventricle and septum was sampled in a similar manner, and the tissue blocks were all embedded in Araldite. The right ventricular tissue was used for dry weight determinations. All morphometric determinations, with the exception of the histometric assessment of infarct size, were restricted to the noninfarcted myocardium. Measurements of the number of myocyte nuclei per unit volume of myocytes, N(n)v(m), in the free wall and septum were obtained using the equation23:
The total number of nuclei, N(n)T, in the ventricular wall and septum was then computed according to the equation: In each animal, eight blocks with myofibers oriented in the transverse direction, four from the ventricular wall and four from the septum, and an additional two blocks from each region with longitudinally oriented cells were used. This sampling was obtained from the original 30 excised tissue fragments including the entire thickness of the wall or septum as described (see "Tissue Sampling").
Areas of myocardium containing myocytes in the transverse or longitudinal direction were located in semithin sections, and the blocks were trimmed accordingly for thin sectioning of these oriented regions. Low-power electron micrographs of transverse sections of myocardium, seven from each tissue block, were collected and printed at x5,000. These micrographs were analyzed morphometrically with a superimposed grid consisting of 140 sampling points and 14 test-line segments each 150 mm long.24
The volume fraction of myocardial components was measured in 1,176 of these low-power micrographs, 504 from sham-operated controls and 672 from infarcted animals, by counting the fraction of sampling points overlying myocytes, capillaries, and the remaining portion of the interstitium. The numbers of myocyte and capillary profiles in the sampled area were counted following the criteria described by Gundersen25 to estimate their numerical densities and average cross-sectional areas.
The mean center-to-center distance, dc-c, between myocytes was calculated from the number of profiles counted per unit area of tissue, N(m)A, in transverse myocardial sections by assuming the tendency for these roughly cylindrical cells to pack in a close hexagonal pattern26: 2 1.0746
The preference for a hexagonal pattern in the distribution of myocytes in the myocardium was based on the morphometric measurements of cell cross section and myocyte surface-to-volume ratio. 27 The same concept was used to estimate the average number of myocytes across the ventricular wall, that is, the number of myocytes that would be traversed by a thin transmural probe inserted perpendicular to the surface of the wall. Thus, the transmural number, N(m)tm, of myocytes across a wall of thickness, W, can be found from N(m)tm=W/d= 1.0243 WVN(M)A (6) Five random fields, from longitudinally oriented sections of myocytes, were collected from each block and printed at x20,000. Sarcomere length in myofibrils was obtained from 100 measurements in each region in each rat.
Absolute volumes and lengths of myocytes and capillaries were evaluated from the products of total ventricular myocardial volume and their respective values per unit volume.1"-13
Computation of Diastolic Wall and Myocyte Stress in the Viable Myocardium Diastolic wall stress, Sw, was computed using the Laplace equation, Sw= (p x r)/2h, and the measurements of wall thickness (h), chamber diameter (2r) obtained at death, and the in vivo estimation of left ventricular end-diastolic pressure (p). In a similar manner, diastolic septal stress was calculated. The knowledge of ventricular pressure, chamber diameter, and wall thickness in diastole allows a further analysis of diastolic stress in terms of its distribution across the ventricular wall. This parameter can be derived from the equation elaborated by Mirsky28,29:
Sw=p a3 b+/2(R)3 (7) where p corresponds to ventricular pressure, R is the radial coordinate, and a and b are the inner and outer radii, respectively.
It should be pointed out, however, that R can be substituted by the sum of a and any predetermined number of cells across the wall, N(m)tm. This, in All tissue samples were coded, and the code was broken at the end of the experiment. Results are presented as mean+SD computed from the average measurements obtained from each rat. Statistical significance for comparisons between two measurements was determined using the unpaired twotailed Student's t test. Values of p<0.05 were considered significant. Results Table 1 shows that the weights of the heart, left ventricle including the septum, and right ventricular free wall did not change 2 days after coronary artery occlusion. In addition, the presence of myocardial infarction appeared not to affect body weights so that the ratios of the heart, left ventricle, and right ventricle to body weight remained substantially constant (data not shown). Measurements of the ratio of by 23% (p<0.05). It should be noted that these determinations were collected in ventricles fixed under a comparable filling pressure. Thus, the alterations in chamber size and wall thickness were due to the consequence of the acute segmental loss of tissue, independent from the variation in the preload state. However, the increase in left ventricular enddiastolic pressure in the infarcted hearts (Figure 1 ) may have further amplified the decrease in the ratio of wall thickness to chamber radius in experimental animals in vivo.
To establish whether these dimensional changes of the infarcted ventricle in combination with the impairment of cardiac hemodynamics resulted in an alteration in tension on the surviving myocardium, diastolic wall and septal stresses were computed from the Laplace relation. In comparison with shamoperated rats, diastolic wall and septal stresses increased by 7.8-fold and 7.2-fold, respectively (Figure 3) . By assuming that systolic contraction affects fiber length by 15% in control animals, systolic wall and septal stresses were calculated from diastolic measurements and were 1,013 dynes/mm2 and 1,128 dynes/mm2. Even under a very unlikely condition of little or no shortening in the diseased ventricle, corresponding systolic stress values would be 1,129 dynes/mm2 and 1,237 dynes/mm2. These changes would imply increases of 11% and 10% in the free wall and septum, which are significantly smaller than those found in diastolic stress. To evaluate the relation between these functionalanatomical changes and infarct size, the fractions of necrotic and healthy myocardium were determined by using the sections obtained from the glycol methacrylate-embedded ventricular slices. It was found that the infarcted and spared tissue occupied 35.06+3.10% and 31.64±2.70% of the ventricle, respectively. Moreover, the unaffected interventricular septum comprised 33.30±2.90%. In shamoperated controls, the left ventricular free wall and interventricular septum corresponded to 70.30± 2.11% and 29.70±2.11%.
When these relative measurements were multiplied by their respective ventricular volumes, the absolute amounts of infarcted and spared tissue in the injured ventricles were obtained. In a similar manner, the total volumes of left ventricular free wall and septum in control rats were derived ( Table 2) . As a result of coronary occlusion, a 55% reduction in the amount of viable myocardium occurred in the left ventricular free wall, whereas the necrotic tissue volume of the infarcted rats corresponded to 50% of the left ventricular free wall of sham-operated rats. This latter value, however, cannot be considered an accurate estimation of infarct size because of the tissue and cellular changes accompanying the early and late evolution of the infarcted region.'1-13 The progressive reduction of necrotic tissue with time and cellular hypertrophy in the surviving myocardium are The morphometric approach presented below is based on the measurement of the percent loss of myocyte nuclei in the infarcted ventricle. Because the number of nuclei in ventricular myocytes does not change in adult rats after myocardial infarction,31'32 the fraction of nuclei lost from the whole ventricle is identical to the fraction of tissue destined to become necrotic after coronary artery ligation."113 Table 3 shows the primary measurements used to determine infarct size. In comparison with control animals, an 8% (p<0.001) increase in the longitudinal diameter of myocyte nuclei was found in the spared myocytes bordering the infarcted tissue. Moreover, the numerical density of nuclei per square millimeter of myocyte area was decreased by 12% (p<0.01) and 9% (p<0.05) in the wall and septum, respectively. Because of the slight increase in the average length of myocyte nuclei, the numerical density of nuclei per unit volume of myocytes decreased by 19% (p<0.001) and 12% (p<0.01) in the surviving myocardium of the ventricular wall and septum.
The numerical density of myocyte nuclei, either per unit area or per unit volume, has been calculated in reference to the myocyte compartment of the myocardium to minimize variations in the interstitial space. These computations required the measurement of the volume fraction of myocytes in the tissue, which was obtained by low-power electron microscopic morphometry as described in "Materials and Sham-Operated the left ventricle as a whole. Coronary artery ligation produced a 63% (p<O.OOO1) loss of myocyte nuclei in the left ventricular free wall, whereas the number of nuclei in the septum was not affected by the surgical procedure. If the septum and free wall were combined, a 43% (p<O.OOO1) reduction in the total number of ventricular nuclei was found (Figure 4) .
To establish whether a hypertrophic response occurred acutely after infarction, the changes in the average myocyte cell volume per nucleus in the surviving portion of the free wall and septum were measured ( Figure 5 ). Two days after coronary artery occlusion, myocyte cell volume per nucleus increased by 22% (p<O.O1) and 16% (p<0.05) in the former and latter regions, respectively. These cellular enlargements were due to 8% and 5% increases in cross-sectional area and 13% and 11% augmentations in myocyte length per nucleus ( Figure 5) did not change significantly in either the free wall or septum after infarction, capillary density decreased by 18% (p<0.02) in the wall. The 8% reduction in capillary concentration in the septum, however, did not reach a statistically significant value. The alteration in capillarity of the myocardium of the free wall provoked an 18% (p<0.025) decrease in the volume fraction of the capillary bed in this region of the ventricle (control: wall, 10.96+1.71%; experimental: wall, 9.02+1.7%). Figure 6 illustrates first (upper panel) the effects of myocardial infarction on the remodeling of the spared tissue of the injured ventricle and interventricular septum at the cellular level of organization. Two days after coronary artery occlusion, the average number of myocytes across the region of the wall bordering the necrotic tissue was reduced by 36% (p<0.001) from a value of 150±24 in controls to a value of 96±17 in experimental animals. A similar architectural rearrangement was also observed in the septum, where the mural number of myocytes decreased by 24% (p<0.05). As demonstrated in the lower panel of Figure 6 , the structural reorganization of myocytes was accompanied by a comparable phenomenon in the capillary network because the transmural number of capillaries decreased by 40% (p<O.Ol) and 26% (p<0.05) in the ventricle and septum, respectively.
Using the measurements of the number of myocytes across the wall and Equations 7 and 8, the distribution of diastolic stress in the myocyte popu- lation from the endocardial lining to the epicardium was calculated. A similar analysis was performed in the septum, from the left to the right endocardial side. These results are presented in Figure 7 . Myocardial infarction produced a marked elevation in diastolic cell stress, which appeared to affect mostly the inner two thirds of myocytes of the wall and septum. As a result of cellular remodeling, a larger fraction of cells wall and septum, was due to the fact that the increases in cross-sectional diameter of myocytes were essentially negligible, being 4% in the wall and 2.5% in the septum.
Muscle fiber slippage after myocardial infarction has been suggested to occur in both animals and humans414 and has been assumed to be the only mechanism implicated in the thinning of the wall acutely after irreversible ischemic injury. Methodological limitations, however, have left these conclusions tentative. The current investigation has characterized not only the occurrence of this phenomenon in quantitative terms but also its difference in distribution and magnitude between the surviving myocardium bordering and remote from the infarct. Moreover, the contribution of the capillary network to wall remodeling was unexpected and without precedent. Thus, in accordance with recent work,4 lateral slippage of myocytes is an early event that may condition the onset, development, and progression of a dilated cardiomyopathy that may evolve after an acute myocardial infarction.
Ventricular dilatation and wall thinning acutely4J1"14 and chronically5-713 appear to be a function of infarct size,5-7"3 although this nonfavorable evolution has been demonstrated not to be restricted to large infarcts only.5-7 It remains to be shown whether sideto-side movement of muscle cells and capillaries within the wall, together with increased fiber and capillary lengthll-'3 and number,33 continues over a prolonged period of time and contributes to a progressive increase in ventricular chamber volume. Clearly, were this to continue, the mechanical disadvantage to the myocytes in the wall would augment with an increase in diastolic and systolic stress and fewer cells to handle the load.
The mechanism of lateral myocyte slippage has previously been inferred in wall thickness changes accompanying variations of ventricular volume in the intact heart in vitro,1734 after acute16 and chronic'5 ventricular dysfunction, as a result of transient but repeated episodes of myocardial ischemia,35 and during the alterations in loading conditions on the heart associated with the transition from the fetal to the adult circulatory system early after birth in the rat. 26 The latter case represented the only experimental demonstration so far that side-to-side slippage of myocytes can occur in the ventricular wall, although the phenomenon was restricted to the muscle fibers and did not involve the capillary network.26
The initiating event responsible for the lateral movement of cells in the ventricular wall is currently unknown. It has been suggested that brief periods of ischemia associated with myocardial stunning35 may have the capacity of altering the collagen framework of the myocardium without affecting in an irreversible manner the myocyte compartment of the tissue.
Moreover, high levels of filling pressure in vitro have been shown to injure the connective tissue matrix more than the myocytes.34 Thus, both the elevation in intracavitary pressure and ischemia may have contributed to connective tissue disruption favoring the spatial rearrangement of myocytes in the wall after infarction. The observation here of greater myocyte slippage in the region bordering the infarct than in the remote zone of the ventricle appears to favor this explanation. However, this potential role of collagen in ventricular remodeling after acute myocardial infarction has recently been challenged. 4 It is difficult to visualize how the architectural alterations that occur in the sliding of myocytes from the endocardial to the epicardial surface interplay with the different components of the collagen framework of the myocardium. However, it is tempting to speculate that the epimysium, the sheath of collagen that surrounds muscle bundles,36 may be too large of a structure to be affected. On the other hand, the perimysium, which is associated with groups of cells, and the endomysium, which surrounds and interconnects individual cells,36 may both be involved in the structural remodeling of the ventricular wall. This assumption is supported by the fact that myocyte and capillary slippage participate together in the rearrangement of the unaffected wall after infarction.
Wall and Myocyte Cellular Stress
The present results demonstrate that ventricular dilatation and wall thinning in combination with the alterations in cardiac hemodynamics provoked a 7.8-fold and a 7.2-fold increase in diastolic stress of the spared portion of the free wall and septum, respectively. Systolic stress also increased, but its increment was smaller than that of diastolic stress. Systolic stress in the wall and septum could have augmented at most by 11% and 10%. Thus, global myocardial remodeling after infarction leads to a condition of overload on the surviving myocardium that consists primarily of a volume component although a pressure element is operative as well. This functional state can be expected to induce a hypertrophic response of the unaffected cells characterized by an increase in myocyte length that should exceed the lateral expansion of the cells.10"18'37 A pattern of growth consistent with this analysis has been found in animalll-13 and human" 9 studies of myocardial infarction early and late after the initial ischemic event. Moreover, the greater stress on the region bordering the infarct than the region remote from the infarct has been shown to be paralleled by a corresponding larger hypertrophic reaction of the myocyte population over time.21 It should be pointed out, however, that the current estimations of wall and myocyte stress were derived from physiological measurements collected under anesthesia, which could affect the accuracy of the absolute values of ventricular pressure. In addition, postmortem changes in ventricular configuration, which may differ in control and experimental animals, may have further influenced the computed results. On the other hand, the increases in diastolic stress in infarcted animals were of such a large magnitude that these potential sources of error should not have significantly affected the observations made.
A disproportionate increase in average cell length with respect to its diameter results in a decrease in the ratio of cell diameter to cell length and, thus, in chamber enlargement with relative thinning of the wall.10'38'39 However, compensated eccentric hypertrophy corresponds to an anatomic configuration in which comparable changes in myocyte length and diameter occur10 19 so that the expansion in ventricular cavity is accompanied by a proportional increase in wall thickness.'0"19 When this relation is not maintained, the ratio of wall thickness to chamber radius decreases, and decompensated eccentric ventricular hypertrophy develops,10"18'37 as appears to be the case in the infarcted heart.12'5'6'9"'-'3 This process is also amplified by the immediate structural changes of the infarcted segment,4"4 which contribute to further dilate the ventricular chamber. Thus, based on the results of the current and previous" studies, large infarcts create acutely an abnormal ventricular loading that mostly affects the diastolic phase of the cardiac cycle. In response to the marked increase in diastolic stress, a number of interrelated events may occur, and the phenomena of mural remodeling with side-to-side slippage of myocytes and cell lengthening may sustain the progressive expansion in cavitary volume5-8 characteristic of the uncompensated dilated heart of ischemic origin. An important question is whether the nonuniform distribution of mural myocyte stress found 2 days after coronary artery occlusion may lead with time to a heterogeneous hypertrophic growth reaction of cardiac muscle cells across the ventricular wall. Determination of the Number of Myocytes Across the Wall Current methodologies for estimating the number of myocyte profiles present in the ventricular wall of normal or diseased hearts have tried a direct enumeration of cell images in light microscopic preparations. 4"14'17 This approach contains limitations, however, mostly because of the inadequate resolution of the light microscope for assessing the numerical density of myocyte profiles per unit area of myocardium in Araldite-embedded tissue blocks. Moreover, changes in myocyte shape after different abnormal loading conditions may affect further the validity of this approach.
The morphometric methodology developed in our laboratory26'33 and used in the present study minimizes the effects of inadequate resolution by using low-power electron microscopy. In addition, the complexity of the tridimensional arrangement of myocytes within the wall is best overcome by assuming the tendency of these roughly cylindrical cells to pack in a close hexagonal pattern.2627 The preference for a hexagonal pattern of myocyte distribution in the myocardium is based on previous quantitative measurements of cell cross section and myocyte surfaceto-volume ratio. 27 The same concept has been used to estimate the changes in the average number of capillary profiles in the ventricular wall. 26 The eval-uation of side-to-side slippage of cells within the wall is independent from muscle fiber orientation. Wall thickness, in fact, is constituted by the number of myocytes from the epicardial to the endocardial surface and the average transverse diameter of these cells. A similar mechanism is also valid for the capillary network. By applying this methodology, we have shown morphometrically that the number of myocytes and capillaries across the ventricular wall decreases acutely after infarction, and such a change may have important implications in short-and long-term evolution of the postinfarction dilated cardiomyopathy.
